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1.  latroduetlon 

TIm  work  earriod  out  undor  grant  DiA-AMC-28-043-67-G6  can  ba  dlwidad 
as  follewa: 

1.  CenelnuaClon  of  a  thaoratieal  atudy  of  wortax  flow  and  lea  aCablllty. 

Thla  work  had  baan  atartad  uadar  grant  DA-AHC-36-039-b3-G-l  by  K.  H. 
Bargaan.  Thaoratieal  analyala  and  pralladnary  raaulta  of  thla  Inwaatl- 
gatlon  wara  publlahad  In  tha  final  raport  of  thla  grant  (1967).  Barg- 
nan  will  eontlnua  thla  work  during  tha  aunaar  of  1968  and  hopafnlly 
flnlah  a  Ph.D.  thaala. 

2.  Plaid  axparlaanta  conparlng  tha  aonlc  anaaonatar  with  othar  InatnaMnta 
aaaaurlng  tha  wart leal  haat  flux  and  tha  aoaantna  flux,  Tha  raaulta 

of  a  flald  axparlaant  In  Hay,  Auatralla  during  Mqr  1966  hawa 

baan  raportad  by  Bualngar,  Mtyaka,  Dyar  and  Bradlay  (1967).  In  thla 
raport  aona  prallnlnary  raaulta  of  tha  Davis  field  axparlaant  wbleh  waa 
earrlad  out  In  April  and  May  of  1967.  Tha  raduetlon  and  analyala  of 
data  obtained  during  this  axparlaant  will  eontlnua  throughout  tha  aunswr 
and  fall  of  1968. 

3.  A  study  of  tha  statlstleal  apatlal  distribution  of  buoyant  pluaaa  has 
baan  started.  Mr.  A.  S.  Frlaeh  gives  a  sunaaiy  of  hla  proponed  atudy. 

Saprlnta  of  papers  that  have  appeared  during  tha  pant  year  have  baan  attaehad 


at  the  and  of  tha  raport. 


ZX.  Th*  DaTi«  n«ld  Bspcriamt 

toy 

J.  A.  Bmiatar 

Hm  aala  ywsyea*  of  th*  tevla  fl«ld  uparlMac  waa  eha  eoaparlaon  of 
variaw  iaatrwMnta  aad  taehalqtiaa  daaifMd  to  ebtala  tha  turbulant  fluna 
la  tho  ataaopharle  aurfaea  layar.  Tha  Ihilvaralty  of  WaahlagtOB  partlelpatad 
aitli  tha  follawlat  laatxaaaBta: 

a.  oaa  3-D  aaele  anaaoaatar  (Kaijo  Dankl) 
to.  oaa  1-0  ooaie  aaaaoaatar 

e.  DZtA  hoc  «lra  aaaaaaatar 

d.  Cop  aaaaoaatar  (Baekaaa  Whltloy) 
a.  Thataacoopla  dry 

f .  Tharaocoupla  oat 
t.  >aat  flax  bar 

1.  Propollar  aaaaoaatar  (Gill) 

Tha  data  obCalaad  with  chaaa  laacruaaota  irara  aoltlplaxad,  ualng  12  I.R.I.G. 
chaanala,  oa  a  1/4"  high  fldallty  tapa  racordar.  All  tha  Inforoatloo  waa  collactad 
la  aaalog  fora  to  ba  radocad  with  an  analog  data  raductlon  ayataa  at  tha  Unlaaralty 
of  Haahlngtoa.  Daring  tha  flrat  waak  aaaan  chaanala  wara  alao  dlracCly  racordad 
oa  an  Inatruaantatlon  tapa  racordar  (Aapax  F.R.  1300). 

Boaidaa  froa  our  own  aaaaora.  analog  algnala  of  aoaa  othar  Inatruaanta 
wara  racordad  during  a  nuabar  of  runa  notably  tha  anaaocllnoowtar  froa  tha  Unlv- 
aralty  of  Wlaeonaln  and  a  huaddlty  aanaor  (BaF)  froa  Vaahlngton,  D.C. 

A  aonaary  of  tha  racordad  data  la  glwan  In  Tabla  I  and  II.  Tabla  I  indlcataa 
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tb*  p«rle4  that  obsarvatioas  vara  takaa  hy  tha  Daivaraity  af  Waahiattaa  graap. 

Tabla  XX  aaaMrlaaa  what  lafafaatlaa  waa  abtaiaad. 

Opaa  laapaetlaa  af  all  tha  aaalap  algaala  It  tanad  aat  that  aaly  a  ralatlaalgr 
saall  auabar  af  raaa  «aa  eaaplata  wltbaat  aay  iaatraaaat  failata.  Thaaa  naa  haaa 
baaa  osad  far  ialtial  radaetlaa  aad  aaalyaia  aad  ara  aarfcad  with  aa  aatarlak  la 
Tabla  X.  Saaa  af  tha  raaalts  ralatad  ta  tha  haat  flua  ara  glvaa  la  Tabla  XXX. 

Althaa^  tha  data  radaetlaa  haa  aat  baaa  oaaplatad  aaaaral  atodlaa  aaalyalag 
tha  data  ara  oadanny  ar  cooplatad. 

a.  Xt  has  baaa  ahowa  aaparlaaatally  that  tha  third  aaaaat  tata  la  tiia 
oxpraaalaa  far  the  haat  floa  la  aagllglbla  oalag  data  fraa  Darla 
aad  Hay.  H.S.H.  Aastralla  (loaiaMr  aad  Myaka,  1968). 

b.  A  study  has  baaa  aada  by  K.  Sahashl  af  tha  dlract  dataralaatlaa  af 
eha  water  wapar  floa  oslaf  tha  saaie  aasaaoatar  aad  a  wat  bulb  tharaa* 
caopla.  This  study  will  soaa  appear  os  a  Ph.D.  thaals  ftom  tha  Italw- 
arslty  af  Kyata.  Jopoa. 

c.  Caaparlsaa  af  the  parferaaaea  af  tha  saaie  oasasastar  aad  af  tha 
aaaaaeliaoaster  is  baiog  earriad  aut.  Tha  agrasaaat  sa  far  is  aat 
os  goad  as  aapaetsd  whaa  the  data  wars  oaaitarad. 

d.  Analysis  af  asasuroasats  with  tha  boat  flux  bar  shaws  that  awsa  with 
axtaasiws  praeaucians  af  shialdiag  tha  radiatiaa  arrer  is  taa  large 
ta  allaw  aeeurata  haat  flux  dstsrainatioa . 

Sawaral  aara  spseifle  stadias  will  ba  earriad  out  with  tha  Dawls  data,  ia- 
eluding  analysis  af  hl^  froquaney  abaarwatians  with  tha  DX8A  aaoasaatar  and  af 
ths  parfaroanea  of  tha  Gill  prapallar  sasaoastar. 


«sj 


TABLE  Xla 


U 

V 

w 

I 

H 

V 

6 

OB 

VB 

HU 

CP 

Of 


ABBIBTXATIOH  »  "BBCMDBD  BUnR" 


Horispatal  eoapooMit  of  wind  wnloelty 

M 

Vortical  eoaponant  of  wind  walociCy 
Air  Caaparatura 
Haac  finx 

Praaaura  by  horiaonCal  wind 
Elawation  anfl*  of  wind  walocity 
Asiattehangla  of  wind  velocity 
Dry-bulb  taaparatura 
Wat-bulb  toaparatura 
Balativa  hualdity  by  MBS  aanaor 
Hind  apaad  by  cup  anaaeaatar 
Hind  apaad  by  hot-wira  aaaaoaatar 


OBSERVATIOM  POIMT 

Point  1:  Hoar  tha  cantar  of  tha  aita.  ea.  200  a  apart  froa 

the  recording  van. 

ca.  50  a  apart  froa  tha  recording  van. 


Point  2: 


^  VSI0  7  kH 
‘■It  dO 


TABLE  lie 


TEXT 


Variances  and  Covariances  of  a  Selected  Ifcnber  of  Runs 
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III.  A  Statistical  Analysis  of  CowractiTs  Elaaants 
In  tha  Onstabla  Bomdary  Layar 

by 

A.  S.  Frisch 

Tha  purposa  of  this  atudy  of  tha  lower  ataosphera  in  tha  nnstabla  state 
is  to  describe  soae  of  the  characteristics  of  connective  eleaents  and  the 
surrounding  snvironnent  in  varying  states  of  instability.  These  convective 
eleaents  appear  to  be  aore  or  leas  organised  structures  which  are  superiaposed 
upon  Che  randoa  turbulent  flow.  They  have  been  described  by  various  Invastl- 
gatora  such  as  Taylor  (1958) and  Priestley  (1959) >  as  asyaaetrical  fluctuations 
of  teaperature  with  a  duration  of  ten  to  twenty  seconds  when  observations  are 
Bade  froa  a  fixed  site  and  they  show  a  strong  coherence  with  height.  In  other 
studies  (Vulf'son,  1964;  Warner  and  Telford,  1967)  aeasuring  teaperature  froa 
aircraft,  the  assuaption  was  made  that  Che  horisontal  cross  sections  of  Chase 
eleaents  were  circular,  however  not  enough  observations  were  aade  of  the  taapera- 
ture  to  draw  any  quantitative  conclusion.  This  study  will  involve  sianltaneous 
neasureaenta  froa  aircraft  and  a  tower  located  in  the  vicinity  of  the  aircraft 
flight  pattern.  The  aircraft  %rill  be  used  to  statistically  detsTBlne  the  taapera- 
ture  distribution  and  froa  this  the  heat  flux  and  vertical  velocity  field  of  a 
horisontal  cross  section  of  these  convective  features.  The  use  of  the  aircraft 
la  required  for  observing  a  large  nuaber  of  the  convective  eleaents  in  order  to 
assure  an  adequate  estlaste  of  the  teaperature  structure  in  a  relatively  short 
interval  of  tine. 

The  teaperature  will  be  aeasured  in  two  directions  by  the  aircraft,  one 
along  the  direction  of  the  wind,  Che  other  in  a  transverse  direction.  These 
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data  will  ba  analyiad  using  a  ganarallsatlon  of  a  statistical  Modeling  method 
dawalopad  by  N.  I.  Vul'fson  in  order  to  describe  soae  of  the  statistical  features 
of  the  field  of  convective  eleaents.  (See  appendix.) 

Since  the  data  are  being  observed  In  two  directions,  a  comparison  can  be 
Made  between  these  observations  to  teat  the  validity  of  the  model.  In  addition, 
the  model  chosen  is  one  that  seems  reasonable,  but  others  can  also  be  used, 
although.  If  it  is  too  complicated  it  may  require  much  more  refined  techniques 
of  measurement  than  are  available.  From  the  parameters  obtained  by  use  of  the 
model,  inferences  can  be  made  about  the  number  and  the  size  distribution  of  the 
convective  elements  in  a  horizontal  plane  at  different  degrees  of  stability 
and  heights. 

In  addition  to  aircraft  measurements,  a  tower  will  be  equipped  with  instru¬ 
ments  to  measure  temperature  and  wind  speed  profiles;  as  well  as  Instantaneous 
vertical  velocity  and  temperatures  at  some  of  the  heights  the  aircraft  measure¬ 
ments  are  made.  All  these  measurements  will  be  taken  simultaneously  with  that 
of  the  aircraft.  These  tower  measurements  will  be  used  to  compute  several 
quantities  of  the  convective  elements  and  the  surrounding  environment.  Some 
of  the  quantities  that  can  be  examined  are  w’* ,  w' iw,  w,  e'w' ,  internal  and 
external  to  the  field  of  convective  elements. 

The  measureownts  from  the  tower  can  be  used  in  conjunction  with  aircraft 

measurements  to  determine  some  of  the  dynamics  of  the  convective  elements.  For 

example,  since  w  and  6  are  measured  at  different  heights  on  the  tower,  v  can  be 

averaged  at  each  height  during  the  time  that  the  temperature  is  in  the  interval 

from  6  to  e  -f-  A0.  Since  each  hand  of  temperature  6  to  6  -f  AS  corresponds  to 
n  n  f>  n 

n  two  dimensional  ring  v;ith  axis  a  and  b  (determined  by  the  aircraft)  the  dis- 
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tributlon  of  6  and  w  can  be  found  this  way  for  an  average  site  convective 
element.  From  continuity,  the  average  radial  velocity  can  be  found  through 
a  vertical  section  defined  beti^en  the  sensors.  If  the  boundary  layer  Is 
extremely  unstable,  then  It  may  be  possible  to  define  a  convective  element 
In  cylindrical  co-ordinates  and  compare  the  terms  measured  in  the  heat  flux 
and  energy  eMuatlon  with  those  computed  from  various  theoretical  mode’s 
that  have  been  developed  for  this  case. 

Field  Measurements 

A  field  trip  was  made  to  the  Hanford  reservation  to  estimate  some  of 
the  statistical  quantities  of  the  convective  elements  before  a  more  elaborately 
instrumented  field  trip  is  to  be  made.  Support  was  provided  by  the  Rattelle 
I.ort.iwest  Corporation.  There  were  essentially  three  kinds  of  data  being 
recorded  simultaneously,  i.e.,  temperature  and  vertical  velocity  measured 
from  the  400*  Hanford  meteorological  tower,  velocity  and  temperature  profiles 
from  a  32m  portable  mast,  and  horizontal  temperature  measurements  obtained 
from  an  aircraft  flying  at  different  altitudes. 

beat  Flux:  The  heat  flux  can  be  computed  from  the  measurements  made  at 
several  heights  during  the  series  of  observations.  There  were  three  Inatru- 
nents  used  to  determine  the  heat  flux,  they  were:  (1)  Fluxatron,  (2)  Sonic 
Anetx)meter-Thermomcter ,  (3)  Propeller  Anemometer  and  Thermocouple.  During  the 
first  part  of  the  experiment,  there  was  a  comparison  with  the  fluxatron  and  the 
sonic  anemometer  at  a  22'  height. 

The  propeller  anemometer  and  thermocouple  were  mounted  at  250'  for  most 
of  the  measurements.  The  sonic  anemometer-thermometer  v’as  later  mounted  at  100' 
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during  the  last  day  of  the  measurements. 

Profiles;  Since  it  is  desirable  to  relate  t!ie  convective  features  to 
easier  measured  <iuantities,  temperature  and  wind  speeds  were  recorded  at 
different  heights  on  the  large  400*  tower  and  also  from  a  smaller  portable 
mast.  From  these  data,  ^  and  and  related  quantities  will  be  computed. 

Aircraft  temperature  measurements;  Temperature  was  measured  by  a  thermo¬ 
couple  mounted  on  a  strut  of  an  L-1^  aircraft.  The  thermocouple  signal  was 
amplified  and  converted  to  an  Fri  signal  and  recorded  on  a  Sony  Model  800  tape 
recorder.  Tlie  direction  of  the  flight  vas  governed  by  the  prevailing  wind 
direction  and  the  amount  of  unobstructed  path  for  the  aircraft  to  fly  over. 

The  paths  taken  by  the  aircraft  are  sbo^^n  in  Figure  1  . 
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Arrr.Kni>: 


Laboratory  experiment;?  indicate  that  convective  elements  are  approximately 

circular  or  elliptical  in  cross  section.  In  the  follovlnf,  analysis  it  is  assumed 

that  the  elements  can  he  approximated  hv  ellipses  because  then  it  can  he  shov.’n 

that  there  are  certain  rclationshlns  hetwen  the  moments  of  the  Intersected 

leni;ths  of  the  elements  in  the  two  dlr;ctionn.  A  convective  element  '-'111  he 

defined  ns  an  element  havlnp  a  temperatur"  greater  tlian  the  average  temperature. 

0  .  The  element  v;ill  then  be  subdivided  into  temperature  increments  9=6+  nA© 
r  nr 

where  n  ■  0,1, 2, 3 . and  A9  is  a  temperature  Increment. 

The  aircraft  will  intersect  th.ese  elements  at  random  for  intervals  of  time 
that  depend  on  the  distance  from  the  axis  of  the  element,  tlie  size  of  the  elcrent, 
and  the  speed  of  the  airplane.  These  intervals  of  time  can  he  converted  into 
lengths  by  multiplying  tlie  time  Intervals  by  the  air  speed  of  the  aircraft. 

It  will  be  assumed  that  one  of  the  two  axis  of  each  element  will  be  parallel 
to  the  wind  direction. 

Let  the  axis  of  the  ellipse  that  lies  in  the  x  direction  he  represented  hv 
h,  and  that  in  the  v  direction  by  a  (See  Fig,  ?).  Furthermore  assume  a  similarity 
between  a  and  b  given  bv : 

m  ; 


a 


1 


_ n  _ 

-  a  m  b 
n  n 


(1) 


b 


a 

m  (1  +  'j  a) 
n  n 


C) 


If  the  plumes  are  circles. 


tiien  o  ■  0; 
n 


n 


1, 


Modal  osad  for  tha  horliontal  croaa-aaction  of  a  convactlva  alaaant. 
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If  they  are  elllpsea  with  the  eaiM  ratio  of  major  to  minor  axis  for  all  sizes 

of  ellipses,  then  a  *0. 

n 

Let  f?  _(a_)  and  f?  (h  )  be  the  probablilitv  densitv  functions  of  the  a  and 
Apii  n  ipH  n 

b  axis  of  the  horizontal  elliptical  cross  sections.  The  probability  density 
functions  of  the  random  lengths  of  the  intersections  with  the  convective  elements 
in  the  X  and  y  direction  are  related  to  fjfa^),  by 


w  (1  ) 

x,n  x.n 


m^l 
n  X 

<a> 


f**  (1+0  a  )2f"(a  )da^ 

_ _  z  n  n 

,  ,  /a^m  (l+o  a 

1  n  n  n  n  x.n 

x.n  ’ 


w  (1  )  ■  — 

y.n  y.n  m^<’j  > 


(1-0  nh)  f"(h  )db^ 
n  n  n  _  i  n  n 


n  n 


(3) 


(4) 


where  1  1  _  are  the  length  of  the  random  Intersections  of  the  convective 

x.n  y.n 

element  in  the  x  and  y  directions  respectively,  w  (1  ),  w  (1  )  are  the 

x.n  x.n  y.n  y.n 

measured  probability  density  functions. 


f»(a)  =  0  for  a  >  a* 
z  n 


f"(l>)  =  n  for  b  >  b* 
1  n 


/•a* 

A 

Q» 

V 

1 

n 

fb* 

A 

O' 

V 

1 

n 

L 

1' 

x.n 


1* 

y.n 


m  1 

_ _ n  x_,  n  _ 

1-a  m  1 
n  n  x.n 

1 

=  _  XiP _ 

m  (l+o_l  ) 
n  n  y.n 


(5) 

(fi) 
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and  the  Index  n  corresponds  Co  a  CenperaCure  excess  6  ■  6  -f  nA6  which  will  be 

Ti  r 

dropped  for  brevity  for  Che  rest  of  this  discussion. 

Higher  Boments  of  1  and  1  are  given  by 
X  y 


ClP>  -  [  iPw  (1  )dl 

X  J  X  X  X  X 


<1P> 


.  r  iPw 

L  y  y 


.  (1  )dl 

y  Jq  y  y  y  y 


(7) 

(«) 


These  can  be  shown  to  be 


1  P+1  1  1 

■  sir  'TkliF  »  4’  ¥ 

t  -71^^  =  <?■ "  !• 


(9) 

(10) 


where  B(P-  +  j')  Is  the  beta  function.  Equation  (7)  can  be  rewritten  as 


(11) 


Letting  p  “  1,  and  dividing  equation  (11)  by  (Ih)  results  in 
<1  > 

<a>  _ y 


<b>  <1  > 

X 


(12) 


and  since 


m  ( 1+aa  ) 


1 

- a_-__  ,  _y_ 

nid+aa) 
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anci  tlie  total  area  occupied  by  thc^e  element?!  per  unit  area  with  temperatures 
excess  0  ,  Is 
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IV.  Stability  of  a  Coneaatrle  Two-Callular  Ataoapharic 
Vortax  with  Raapaet  to  Saall  Dlaturbaaeaa 

hy 

K.  R.  BarpMO 

A  atudy  of  tha  stability  of  a  nodal  vortax  is  eurrantly  balng  carrlad  out, 
and  final  rasults  of  tha  atudy  should  soon  ba  avallabla.  Tha  particular  vortax 
nodal  ehosan  for  study  la  a  eoncantrlc  two-callular  vortax  with  cantral  downdraft 
and  horlaontal  dlvarganca  within  an  "ays"  structura,  but  horizontal  convsrganca 
and  ascant  of  air  outslda  of  tha  cantral  "aye”.  Surface  friction  layer  effects 
are  not  considered,  and  the  horizontal  flow  conponants  are  asauned  to  be  unchanging 
with  height.  This  vortex  nodal  la  aasantlally  the  one  obtained  by  R.  D.  Sullivan 
(1959),  as  nodifiad  by  H.-L.  Juo  (1966)  for  an  unstable  atnospheric  layer. 

An  argunent,  baaed  on  those  of  H.-L.  Kuo  (1959,  1966)  for  concentric  two- 
cellular  structure  of  hurricane  and  tornado  vortices,  is  applied  to  snaller  scale 
atnoapharic  vortices  such  as  dust-devils,  and  Inplies  that,  for  the  values  of 
kinetic  energy  dissipation  to  be  expected  in  a  dust-devil  vortex,  a  two-cellular 
structure  should  nomally  result  when  the  vortex  circulation  is  sufficiently  well 
developed. 

The  equations  of  notion  for  the  above  vortex  nodel  are  linearized  for  snail 
disturbances,  and  the  resulting  set  of  differential  equations  is  conpared  with 
those  of  Howard  and  Gupta  (1962)  for  the  case  where  viscous  energy  dissipation  is 
neglected.  Based  on  a  criterion  developed  by  Howard  and  Gupta,  a  sufficient  con¬ 
dition  for  stability  of  axisyanwtrlc  disturbances  is  that 

B*  > 


r*(dW/dr)* 


where  B  Is  a  dimensionless  parameter  defined  by 
(rV)^ 

and  where  r  Is  the  dimensionless  radius,  r^  the  radius  of  the  vortex  "eye", 

V  and  W  the  tangential  and  axial  components  of  motion  respectively  for  the  un¬ 
disturbed  vortex,  and  the  subscript  (■>)  refers  to  environmental  conditions  at 
a  radius  that  is  large  compared  to  that  of  the  vortex  "eye". 

The  above  criterion  implies  that  the  stable  formation  of  a  concentric 
two-cellular  vortex  depends  upon  a  critical  ratio  of  environmental  angular 
momentum  supply  to  the  environmental  updraft  within  which  the  vortex  forms. 
Increased  rotation  of  the  vortex  acts  as  a  stabilizing  Influence,  whereas 
increased  vertical  motion,  because  of  the  large  horizontal  shear  of  vertical 
motion  developed  in  the  vicinity  of  the  "eye"  boundary,  tends  to  destabilize 
the  vortex.  Tills  accords  well  with  the  observation  that  persistent  organized 
vortex  motion  on  a  small  scale  Is  of  comparatively  infrequent  occurrence  in 
tiic  atmosphere,  compared  to  the  frequency  of  buoyant  plumes  without  organized 
circulation  in  which  some,  but  apparently  Insufficient,  net  angular  momentum 
supply  can  be  expected. 

Further  study  is  being  concentrated  on  estahllshing  more  precise  stability 
criteria  for  the  concentric  two-cellular  vortex  model.  The  critical  value  of 
..  for  this  model,  based  upon  the  Howard-Gupta  criterion,  is  that  B  -  14.97  Is 
sufficient  for  vortex  stability.  However,  this  is  a  "weak"  criterion  which  does 
not  establish  instability  of  the  vortex  for  all  values  of  B  less  than  the  above 
value,  at  least  not  for  all  disturbances.  Hence  the  linearized  equations  have 
been  expressed  in  finite-difference  form  and  are  being  solved  using  an  IBM  7094 
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co^iitT  la  erdar  to  astabllah  if,  aad  for  what  valuaa  of  6>  disCurbaaeo  wava 
oaiibor  k,  aad  aalal  laraolda  auabar  aolotlona  rapraaaatlng  unatabla 

dfakarbaaea  aodoa  aaiat. 

Coaoldarabla  difficulty  la  taraa  of  eoaputatloaal  atablllty  haa  baaa  aa- 
eouatorad  la  aolirlag  tha  oquatloaa  by  auaarleal  aaaaa,  but  preliainary  reaulta 
ladlcata  toatatlualy  that  thara  la  a  critical  value  of  wave  auabar  k  above  which 
all  dlatuibaaces  are  atable.  lacluaioa  of  the  vlacoua  teraa  showe  oaly  a  daaplag 
lafluaece  oo  tha  growth  rate  of  uaatable  aodoa  la  the  eolutloaa  obtalaed  thua  far. 
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